Background: Recent reports have suggested that anemia is associated with adverse outcomes in patients with heart failure (HF), but were unable to adjust for a broad range of comorbid conditions. As a result, whether anemia is a truly independent predictor of risk or a marker of comorbid illness in these patients is unknown.
tive risk [RR], 1.51; 95% confidence interval [CI], 1.35-1.68; PϽ.001) and a 17% higher risk of HF-related readmission (RR, 1.17; 95% CI, 1.01-1.34; P=.04). However, after adjustment for multiple comorbidities and other clinical factors, the association between lower hematocrit levels and increased 1-year mortality was markedly attenuated, even in those patients with the most severe anemia (hematocrit, Յ24% vs Ͼ40%-44%: RR, 1.02; 95% CI, 0.86-1.19; P=.85). The association between lower hematocrit values and HF-related readmission persisted after multivariable adjustment (hematocrit, Յ24% vs Ͼ40%-44%: RR, 1.21; 95% CI, 1.04-1.38; P=.01).
Conclusions:
Although anemia is an independent predictor of hospital readmission, its relationship with increased mortality in HF patients is largely explained by the severity of comorbid illness. These findings suggest that anemia may be predominantly a marker rather than a mediator of increased mortality risk in older patients with HF.
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R
ECENT REPORTS [1] [2] [3] [4] [5] [6] [7] [8] [9] that anemia may be a modifiable risk factor in patients with heart failure (HF). Given potential treatment implications for patients with HF, the association between anemia and adverse outcomes has been receiving growing attention from expert groups. 10 Professional societies, including the Heart Failure Society of America 11 and the European Society of Cardiology, 12 have recently held symposia dedicated exclusively to this topic, and efforts are being directed toward clinical trials of erythropoietin in anemic patients with HF. 13 However, most prior studies were limited by small numbers of patients, [1] [2] [3] [5] [6] [7] [8] single-center experience, 2 use of administrative claims data, 4 and highly selected patient populations that are not representative of the elderly HF patients with extensive comorbidity typically seen in clinical practice. 1, 2, 5, [7] [8] [9] Furthermore, the ability of previous investigations to adjust for a broad range of non-cardiac-related comorbidities has been limited. [1] [2] [3] [4] [5] [6] [7] [8] [9] Because of these limitations, the nature of the relationship between anemia and adverse outcomes remains unclear. The central issue is whether anemia is an independent mediator of poor outcomes or a marker of comorbid illness and HF severity.
To address this issue, we analyzed data from the National Heart Care (NHC) Project, a large nationally representative sample of patients in the United States hospitalized with HF from April 1, 1998 , to June 30, 2001 . Detailed clinical information about these patients, including the presence and severity of comorbid conditions, provided an ideal opportunity to establish whether anemia is an independent predictor of prognosis in this patient population. We specifically focused on the association between various degrees of anemia and the risk of death and readmission at 1 year.
METHODS
STUDY SAMPLE
The patient cohort was selected from the NHC Project sample. The NHC Project is a Centers for Medicare & Medicaid Services initiative designed to assess and improve the quality of care for Medicare beneficiaries hospitalized with HF.
14 More than 96% of Americans 65 years and older are covered by Medicare, 15 and 87% of all Medicare beneficiaries are fee-for-service beneficiaries. 16 Medicare fee-for-service beneficiaries hospitalized with a principal discharge diagnosis of HF ( 17 In each sampling period, a systematic random sample was drawn from eligible discharges after they were grouped by state, and sorted by age, sex, race, and treating hospital. The goal was to randomly select 800 discharges from each state. All records were included when fewer than 800 hospitalizations occurred in a state during a sampling period (Alaska, Hawaii, Idaho, Utah, Vermont, and Wyoming in both samples). Records were selected by using a random start and a sampling fraction calculated from the requisite sample size and the number of eligible discharges in the state.
Medical records were obtained from the treating hospital and underwent detailed review by trained data abstractors in central data abstraction centers. The diagnosis of HF was corroborated by at least 1 of the following criteria: (1) a history of HF documented in the medical record or (2) radiographic evidence of HF on the admission chest radiograph. Data quality was ensured through the use of trained reviewers, medical record abstraction software, and random record reabstraction. In a review of 100 medical records by a cardiologist, only 1 patient was not diagnosed as having HF.
14 Patients with invalid Social Security numbers were excluded. The NHC Project sample, thus, consisted of 78 882 records, of which 39 477 were from April 1, 1998, to March 31, 1999 , and 39 405 were from July 1, 2000, to June 30, 2001 .
To ensure examination of a representative cohort of older patients admitted with HF, we subsequently excluded patients younger than 65 years (n=6558), those without documented HF on admission (n=5003), those transferred from another hospital (n = 2419), those undergoing long-term hemodialysis (n=549), and those with extreme hematocrit values of less than 15% or greater than 70% (n=58). Patients with a history of severe aortic or mitral stenosis (n=5741) and those with chronic liver disease/cirrhosis, immunologic suppression, human immunodeficiency virus infection, or malignancy (n=6216) were also excluded because their prognosis and management were likely to be substantially different from those of most elderly patients with HF. In the event of multiple admissions for the same patient within the sampling period, only 1 admission was chosen at random, thus excluding 3732 admission records. Because we were interested in evaluating the association between hematocrit values and adverse outcomes, patients with a missing admission hematocrit value (n = 3548) or a missing death status (n = 969) were also excluded. In total, 28 477 patients met 1 or more of the previously described exclusion criteria, leaving a final cohort of 50 405 patients for the 1-year mortality analysis. In addition, we excluded patients with missing readmission information (n=5964) from the HF-related readmission analysis, leaving a final cohort of 44 441 patients for the 1-year readmission analysis.
INDEPENDENT VARIABLES AND OUTCOMES
Admission hematocrit was classified into the following categories: 24% or less, greater than 24% to 28%, greater than 28% to 32%, greater than 32% to 36%, greater than 36% to 40%, greater than 40% to 44%, and greater than 44%. Professional abstractors collected information about demographic variables, noncardiac-and cardiac-related comorbidities, and admission characteristics, including medications, vital signs, physical examination results, laboratory values, and diagnostic imaging data, from medical records. Left ventricular systolic function was defined as normal or mildly, moderately, or severely depressed based on either quantitative criteria (left ventricular ejection fraction [LVEF], Ն50%, 40% to Ͻ50%, 30% to Ͻ40%, or Ͻ30%, respectively) or qualitative assessment. In cases in which patients had more than 1 assessment of LVEF, an evaluation performed during the index hospitalization was given precedence. In cases in which multiple evaluations occurred during the hospitalization, quantitative results took precedence over qualitative results.
The main outcome was all-cause 1-year mortality from the date of admission. The secondary outcome was 1-year HFrelated readmission from the date of discharge.
STATISTICAL ANALYSIS
Baseline demographic and clinical characteristics were compared between patients in different ordinal hematocrit groups using the Pearson 2 test for categorical variables and the F test for continuous variables. The unadjusted association between worsening degree of anemia and outcomes was tested using the Pearson 2 test. Multivariable logistic regression models were subsequently constructed to test whether successively lower hematocrit levels were an independent predictor of 1-year mortality and HF-related readmission. Hematocrit categories were compared using dummy variables, with a hematocrit of greater than 40% to 44% as the reference group. Covariates included sociodemographic factors (age, sex, race, and nursing home residence), non-cardiac-related comorbidities (immobility, urinary incontinence, dementia, stroke, chronic obstructive pulmonary disease, creatinine and serum urea nitrogen levels, and diabetes mellitus), cardiac-related comorbidities (coronary artery disease, hypertension, coronary artery bypass graft surgery, percutaneous transluminal coronary angioplasty, myocardial infarction, severity of left ventricular systolic dysfunction, left bundle branch block, and atrial fibrillation), HF severity indicators (peripheral edema, pulmonary edema, hyponatremia, and history of HF), vital signs on admission (systolic and diastolic blood pressure, heart rate, and respiratory rate), other laboratory values on admission (albumin, potassium, and glucose levels and white blood cell count), and admission medications (angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, ␤-blockers, diuretics, digoxin, calcium channel blockers, and iron supplements); these were identified in bivariate analyses or in previous studies, 18, 19 or clinically considered as important predictors of 1-year mortality.
To maximize the ability to adjust for the severity of comorbidities, all continuous variables were parameterized before entry into the multivariable model. We analyzed individual bivariate relationships between each variable and 1-year mortality. Subsequently, based on the nature of the relationship, vari-ables were entered into the multivariable models as continuous variables, ordinal variables, or a spline function.
Continuous variables, for which less than 5% of data were missing, had the missing values replaced with the cohort's median values. Those continuous variables for which between 5% and 10% of data were missing were assigned the cohort's median values and a dummy binary variable denoting the missing value. A similar procedure was followed for binary (yes or no) variables, with missing data imputed as no. All continuous and binary variables in our analyses, except for albumin level, had less than 10% missing data. For categorical variables with missing values, multiple dichotomous variables (dummy variables) were created, corresponding to each of the categories (including unknown) and then incorporated into the models, with one of the categories being a reference group. All categorical variables in the models had less than 10% missing data, with the exception of LVEF, immobility, and urinary incontinence; these variables were retained in the model given their importance as predictors of outcome. Odds ratios in the final models were converted to risk ratios. 20 Riskstandardized mortality rates were calculated as a multiplication product of overall mortality rates and risk-standardized ratio, using an indirect standardization technique. 21 Multivariable models assessing the association between admission hematocrit and 1-year mortality were repeated, including admission hematocritϫLVEF interaction terms to assess whether hematocritassociated mortality risk differed between patients with an LVEF of less than 40%, an LVEF of 40% or more, and unknown. We performed a bootstrap analysis by sampling with replacement for 1000 iterations to internally validate the stability of the results from multivariable models. We also performed a subsidiary Cox proportional hazards regression analysis for 1-year mortality and HF-related readmissions to confirm the results of the multivariable logistic regression method.
Analyses incorporated probability weights based on the inverse sampling fraction for each state. All models were adjusted for clustering by hospital. Analyses were conducted us- 
RESULTS
BASELINE CHARACTERISTICS
The distribution of hematocrit values is shown in Figure 1 . The median hematocrit was 37%; 61.2% of men and 52.1% of women were anemic (defined as a hematocrit of Ͻ40% for men and Ͻ37% for women), and 42.2% of patients had a hematocrit of 36% or less. When compared with patients who had a higher admission hematocrit, those with a lower admission hematocrit were more likely to be women and nonwhite, and more likely to have non-cardiacrelated comorbidities, such as urinary incontinence, stroke, dementia, immobility, and diabetes mellitus. Patients with a lower hematocrit were also more likely to have a history of HF, a lower systolic and diastolic blood pressure, peripheral edema and pulmonary edema on admission, higher creatinine and serum urea nitrogen levels, and lower albumin and sodium levels ( Table 1) .
ASSOCIATION WITH 1-YEAR MORTALITY
In unadjusted analysis, lower hematocrit values were associated with higher mortality rates, with statistically and clinically significant differences present between the groups (P Ͻ .001 for trend; (Figure 2A) . In multivariable analysis, adjustment for demographic factors did not affect the higher relative risk (RR) of death for patients with lower hematocrit values compared with patients whose hematocrit was greater than 40% to 44%. However, adjustment for non-cardiac-related comorbidities markedly attenuated the association between lower hematocrit level and risk of death. Adjustments for other clinical factors, including HF severity, lowered the risk ratios even further ( Table 2) .
In the final multivariable model, patients in the 2 groups with the lowest hematocrit were not at increased risk of death at 1 year compared with patients who had a hematocrit of greater than 40% to 44% (for hematocrit Յ24%: RR, 1.02, 95% confidence interval [CI], 0.86-1.19; for hematocrit Ͼ24%-28%: RR, 0.99, 95% CI, 0.89-1.09; Table 2 ). The RR of death for patients in groups with a hematocrit greater than 28% to 32% and greater than 32% to 36% was slightly higher than that of patients with a normal hematocrit (RR, 1.14, 95% CI, 1.06-1.22; and RR, 1.09, 95% CI, 1.03-1.16, respectively, vs those with a hematocrit greater than 40% to 44%). This higher RR corresponded to only a modest increase in the absolute risk-adjusted mortality of 3.1% for patients with a hematocrit greater than 28% to 32% and 2.3% for those with a hematocrit of greater than 32% to 36% (vs those with a hematocrit Ͼ40% to 44%; ( Figure 2B ). More important, the graded relationship between lower hematocrit values and higher mortality initially seen in crude analysis was no longer observed in the multivariable model (P=.08 for trend; Figure 2B ).
The effect of hematocrit levels on 1-year mortality was similar across the patient subgroups with an LVEF less than 40%, 40% or more , and unknown, with no significant hematocrit ϫ LVEF interaction (P = .33 for the interaction).
ASSOCIATION WITH 1-YEAR HF-RELATED READMISSION
In unadjusted analysis, lower hematocrit values were associated with higher risk of 1-year HF-related readmis- sions (Table 3) . This association persisted in multivariable analysis after adjustments for demographic and clinical factors. Patients in all groups with a lower hematocrit had a significantly higher risk of 1-year HFrelated readmission compared with patients who had a hematocrit greater than 40% to 44% (Table 3) . Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; CABG, coronary artery bypass grafting; COPD, chronic obstructive pulmonary disease; CXR, chest x-ray; DBP, diastolic blood pressure; HF, heart failure; LBBB, left bundle branch block; LVSD, left ventricular systolic dysfunction; PTCA, percutaneous transluminal coronary angioplasty; SBP, systolic blood pressure; SUN, serum urea nitrogen; WBC, white blood cell. SI conversion factors: To convert SUN to millimoles per liter, multiply by 0.357; to convert creatinine to micromoles per liter, multiply by 88.4; and to convert glucose to millimoles per liter, multiply by 0.0555. *Data are given as percentage of each group unless otherwise indicated. †Data are given as mean (SE).
SECONDARY ANALYSES
Bootstrap analysis validated the results obtained from multivariable logistic regression models (Tables 2 and  3) . Results from the Cox proportional hazards regression analysis of 1-year mortality and HF-related readmissions were similar to those obtained by using multivariable logistic regression (eg, 1-year mortality for patients with a hematocrit Յ24% vs those with a hematocrit Ͼ40%-44%: unadjusted hazard ratio, 
COMMENT
This large nationally representative study of older patients in the United States hospitalized with HF demonstrated no graded relationship between lower hematocrit values and increased mortality. Furthermore, hematocrit values were not independently associated with higher risk of mortality in patients with the most severe degrees of anemia. The effect of anemia on mortality observed in crude analysis was markedly attenuated by adjustments for the presence and severity of non-cardiac-related comorbidities. However, the independent graded relationship between lower hematocrit values and hospital readmission for HF was not affected by adjustments for patient characteristics. Our findings suggest that although anemia is an independent predictor of hospital readmission, it may be predominantly a marker of increased mortality rather than a direct mediator of this risk.
Our results contrast with those of several reports. [1] [2] [3] [4] [5] [6] [7] [8] [9] An association between anemia and increased mortality rates in a cohort of elderly patients hospitalized with HF in Connecticut was previously reported. 6 A study by Horwich and colleagues 2 also linked anemia with higher mortality, HF severity, and worse functional status in a singlecenter cohort of patients with severe HF. Similar observations were made in a small community-based investigation 3 and in a larger population-based study of HF patients in Alberta, Canada. 4 Furthermore, retrospective analyses of randomized controlled trials showed an association between anemia and increased mortality in patients with systolic left ventricular dysfunction. 1, 5, [7] [8] [9] Although these prior studies suggest a 2% to 5% increase in the RR of death for each 1% decrease in hematocrit, [1] [2] [3] 5, 6, 8 our data do not reveal a linear relationship between the degree of anemia and adjusted 1-year mortality. In fact, after multivariable adjustment, the RR of 1-year mortality in our sample was similar in patients with the most severe anemia (hematocrit, Յ24% and Ͼ24%-28%) and in those with normal hematocrit values. While the RR of death was slightly higher (9%-14% increase) in patients with moderate anemia (hematocrit, Ͼ28%-32% and Ͼ32%-36%), the magnitude of this risk was markedly lower than the 25% to 50% RR increase observed by previous investigators. 6, 7 The overall pattern suggests the absence of an important independent effect of hematocrit on mortality in this population.
There are several possible explanations why our findings differ from those of prior studies. As previously observed in other patient populations, insufficient adjustment for confounding by the burden of comorbidities can lead to an overestimation of risk. 22 Recent data have demonstrated that non-cardiac-related comorbidities are highly prevalent in elderly patients with HF, and strongly associated with adverse outcomes. 23 However, many of the prior population-based studies did not consider (because of either exclusion or unavailable data) noncardiac-related comorbidities such as dementia, immobility, urinary incontinence, 1-9 cerebrovascular disease, 2, 5, [7] [8] [9] and chronic obstructive pulmonary disease, 1,2,5,7,8 many of which have been prognostically important in patients with HF. 18 Although several studies did attempt to adjust for this broader range of non-cardiac-related comorbidities, 3, 4, 6 most used administrative claims data 4 (or indexes derived from claims data), 3, 6 a method that is less precise than medical record review. 22 The present study provided the opportunity to adjust for a broad scope of cardiac-and non-cardiac-related comorbidities. Adjustment for non-cardiac-related comorbidities, which included chronic conditions such as dementia, incontinence, and immobility in addition to other potential risk factors such as renal insufficiency, chronic obstructive pulmonary disease, diabetes mellitus, and stroke, markedly attenuated the initially observed association between anemia and mortality.
A second potential explanation is the limited generalizability of prior studies. Most investigations analyzed Crude 1-year mortality according to hematocrit categories (Յ24%, 46.4%; Ͼ24%-28%, 44.9%; Ͼ28%-32%, 44.6%; Ͼ32%-36%, 39.0%; Ͼ36%-40%, 33.9%; Ͼ40%-44%, 30.7%; and Ͼ44%, 31.5%) (P Ͻ.001 for trend) (A) and risk-standardized 1-year mortality according to hematocrit categories (Յ24%, 35.9%; Ͼ24%-28%, 35.4%; Ͼ28%-32%, 38.4%; Ͼ32%-36%, 37.6%; Ͼ36%-40%, 36.6%; Ͼ40%-44%, 35.3%; and Ͼ44%, 35.9%) (P = .08 for trend) (B). Abbreviations: CI, confidence interval; NA, not applicable. *A hematocrit of greater than 40% to 44% was used as the reference. †Data were adjusted for the following: 1, demographics; 2, 1 plus non-cardiac-related comorbidities; 3, 2 plus cardiac-related comorbidities; 4, 3 plus heart failure severity indicators; 5, 4 plus other laboratory values; 6, 5 plus vital signs; and 7, 6 plus medications on admission. ‡Analysis for adjusted model 7, 1000 times the following: N, normal approximation; P, percentile; and BC, bias corrected. Table 2 . *A hematocrit of greater than 40% to 44% was used as the reference. †Data were adjusted as described in the third footnote to Table 2 . ‡Analyses were as described in the fourth footnote to Table 2 .
relatively small numbers of patients and had geographic limitations, 2, 3, 6 with some studies being conducted in single centers. 2 In addition, randomized clinical trials, which provided the data for some previous analyses, typically used multiple exclusion criteria, thus selecting younger mostly male patients 1, 5, 7, 8 with relatively few comorbidities 1, 5, [7] [8] [9] and focusing exclusively on patients with left ventricular systolic dysfunction. 1, 5, [7] [8] [9] As a result, these studies analyzed patient populations that are different from ours, and that might not have been representative of elderly HF patients typically seen in clinical practice, many of whom have extensive non-cardiac-related comorbidities and/or diastolic dysfunction. 14, 24 To our knowledge, we examined not only the largest patient sample to date but also one that represents the full spectrum of elderly patients hospitalized for HF in the United States.
Our findings are consistent with those of a recent study 25 that failed to demonstrate an association between lower hemoglobin concentrations and increased mortality in patients with acute HF. The researchers 25 suggested that this lack of association could have resulted from the acute nature of HF in their small patient sample. While this may be true, our results confirm this finding in a much larger and more diverse patient population.
Our findings confirm the association between anemia and repeat hospital admissions for HF, 5, 6 although the magnitude of this association in our study (20%-30% RR increase in patients with severe anemia) was less pronounced than the previously reported 30% to 49% RR increase. 6 The reasons for this discrepancy between the utility of anemia as a predictor of readmission and its relative lack of value as a predictor of mortality in HF patients are unclear. In the absence of well-defined standards for hospital admission, high variation among physicians 26 in their perception of HF severity in patients with anemia could result in more frequent admissions in this patient population. Another possibility is that anemia could still be associated with more pronounced HF symptoms and functional impairment, 2 through its hemodynamic and neurohormonal effects. 27, 28 This possible differential effect of anemia on outcomes is supported by previous studies in HF patients with endstage renal disease that show that treatment of anemia improves the functional status and lessens the severity of HF 29 but does not lower mortality. 30, 31 Finally, the effect of anemia on repeat hospital admissions could also result from residual confounding by unmeasured factors.
Whether treatment of anemia with iron supplementation, erythropoietin, or blood transfusions would have any effect on outcomes remains unknown. Several pilot investigations 32, 33 have suggested that treatment of anemia with iron supplementation and erythropoietin may improve functional status and LVEF, and reduce the need for repeat hospitalizations in HF patients. However, because this therapy is not risk free, 34 its effects need to be clearly demonstrated in well-designed, prospective, randomized trials before any definitive conclusions about its usefulness can be made. Our results suggest that these trials should focus on functional status and readmission as potential outcomes, rather than exclusively on mortality.
We were unable to determine the cause of anemia in the patient population. Previous research 35 has indicated that development of anemia in patients with HF is often multifactorial. One recent study 36 suggested that HF patients with increased plasma volume and dilutional anemia may have worse outcomes compared with patients who have reduced red blood cell volume and "true" anemia. Although our patient sample likely included many patients with both types of anemia, it is possible that anemia may have a different effect on outcomes in these distinct patient groups. We did not have follow-up laboratory information and could not determine how many patients who were anemic on admission remained anemic during hospitalization. We also did not have information about transfusion therapy for our patients, but adjustments were made for other treatments of anemia. Although it is conceivable that patients in groups with moderate anemia had slightly higher mortality risk because they were treated less aggressively (with blood transfusions, iron supplements, and erythropoietin) than patients with severe anemia, it is unlikely. First, adjustment for differences in iron therapy between the groups did not affect the results. Second, although we did not have information about blood transfusion therapy, there are no data to suggest any therapeutic benefit of blood transfusion therapy in patients with HF. Our study was performed in patients 65 years and older. Even though older patients represent most patients with HF, the results of this investigation might not apply to younger patients with HF.
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